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ranging from 99:1 to 50:50 and an average ratio of x:y 
ranging from 99:1 to 50:50, and a is 2 or 3, and has a 
hydroxyl group and/or an alkoxyl group at a terminal 
end. This treatment of wood is safe. Since the methyl- 
silicone resins thus incorporated and fixed within wood 
are not leached out in water, the modified wood main- 
tains flame retardance semi-eternally upon exposure to 
rain and dew and has water repellence, decay resist- 
ance and dimensional stability. 
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Des rlption 

This disclosure relates to methods for producing flame retardant wood, and more particularly, to a method for 
producing modifi d wood which is rendered flame retardant long term by forming a metal oxide in th wood. 

5 Wood has characteristic features of "burning," "decay" and "dimensional instability." Utilization of wood is often 

restrained by these features when they are regarded drawbacks in a certain application. For example, according to 
the Japanese building regulation amended June, 1990, wood may be used in open areas insofar as it satisfies a fire 
penetration resistance/flame shielding time of 60 minutes and 20 minutes for Types A and B, respectively. Ordinary 
wood does not clear this standard. 

10 Wood engineers strove to overcome these drawbacks of wood. We found that wood can be modified so as to 

exhibit satisfactory flame retardance, decay resistance, and dimensional stability by impregnating wood with a silicon 
alkoxide and forming and fixing silicon oxide in wood cell voids, preferably in voids of wood cell walls, through hydrolysis 
and polycondensation (see Journal of Japan Wood Research Society, 38 (11), 1043, 1 992). This technique is based 
on a sol-gel method using metal alkoxides. A starting solution of metal alkoxide, water, alcohol and catalyst converts 

15 into a sol of metal oxide through hydrolysis and self-polycondensation of the metal alkoxide. As reaction proceeds 
further, the solution becomes a gel. If this reaction takes place in wood cells, metal oxides formed therein convert wood 
into wood-inorganic composites. 

The recent research revealed that the process of forming wood-metal oxide composites largely depends on the 
rate of hydrolysis of the metal alkoxide used and subsequent self-polycondensation and that the distribution of metal 

20 oxide within wood ceils varies largely with preparation conditions. Consideration is now made of the conversion of 
wood into inorganic composites using a silicon alkoxide having a low rate of hydrolysis. When a moisture-condition d 
wood piece (in which water is present solely in cell walls as bound water) is used, hydrolysis and polycondensation of 
silicon alkoxide take place only within cell walls where bound water exists, resulting in a wood-inorganic composite 
wherein cell cavities are void. This wood composite maintains the characteristics of wood, namely light weight, strength, 

25 and heat insulation. The modified wood is given dimensional stability, flame retardance and decay resistance while . 
maintaining the porous characteristic of wood (see Journal of Japan Wood Research Society, 39 (3), 301 , 1 993). When 
a water-saturated wood piece (in which water is present not only within cell walls, but also in cell cavities) is used, 
however, obtained is a wood-inorganic composite wherein metal oxide fills not only within cell walls, but also in cavities 
(see Journal of Japan Wood Research Society, 39 (3), 301 , 1 993). 

30 However, if the metal alkoxide used is changed, the resulting wood-inorganic composite has a completely different 

distribution of metal oxide, when a titanium alkoxide having a high rate of hydrolysis is used for a moisture-conditioned 
wood piece, titanium oxide is formed only within cell cavities. In the case of a water-saturated wood piece, titanium 
oxide is formed only on the outer surface of wood and no composite with metal oxide is formed within the wood piece 
(see Journal of Japan Wood Research Society, 39 (3), 30B, 1993). 

35 The relationship of the distribution of metal oxide in cells to the imparted function is examined on the basis of these 

findings. It was found that if a metal oxide composite is selectively formed within cell walls, various functions are 
effectively exerted by forming only small amounts of metal oxides. Such wood composites have incorporated therein 
inorganic substances, typically metal oxides resulting from silicon alkoxides, boron alkoxides and phosphorus alkox- 
ides. When treatment is done at temperatures at which wood is not pyrolyzed, the latter two alkoxides form unstable 

40 metal oxides which are easily leached out in water. 

Additionally, the above-mentioned metal alkoxides must be carefully handled in actual use since they have a high 
vapor pressure and toxicity. 

A general aim herein is to provide a new and useful way of treating wood, in particular to reduce its flammability. 
One preferred aim is to provide a method for producing modified wood which inhibits metal oxide from being leached 
45 out by water, and confers stable flame retardance for a long period of time. 

According to the invention, wood is modified by impregnating it with a solution of a methylsiloxane oligomer con- 
taining phosphorus and/or boron. In one form, the oligomer is a methylsiloxane oligomer containing phosphorus and/ 
or boron and having a hydroxyl group and/or an alkoxyl group of 1 to 4 carbon atoms at a terminal end which is 
represented by the following average compositional formula (1): 



so 



(1) (CH3Si0 3/2 ) m (M0 3/2 ) n 



wherein M is selected from P, PO and B; m and n are positive numbers provided that m+n=1 , and the av rage ratio of 
55 m:n is from 99:1 to 50:50. Alt matively, th oligom r is a m thylsiloxan oligomer containing phosphorus and/or boron 
and a siloxane unit having at least two methyl groups directly attached to a silicon atom as represented by 
( CH a)a s '0(4-a)/2 wherein a is equal to 2 or 3. More specifically, it is a methylsiloxane oligomer containing phosphorus 
and/or boron and having a hydroxyl group and/or an alkoxyl group of 1 to 4 carbon atoms at a terminal end which is 
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represented by the following average compositional formula (2): 

(2) [CH 3 Si03 /2 ] x [(CH 3 ) a SiO (4 . ay2 ] y [M03 /2 ] 2 

wherein M is selected from P, PO and B; x, y, and z are positive numbers provided that x + y + z-1 an averaoe ratio of 
(x + y> z is from 99:1 to 50:50, an average ratio of x:y is from 99: 1 to 50:50, and a is equa o 2 0^.' ITimp e 9 S In 
the oligomer is subject to hydrolysis and further polycondensation for curing. As a result a methylsiliconTresin con 
taining incombustible phosphorus oxide and/or boron oxide is formed in cellLs, rm^^S^ZZ- 

TJZ'ZTLT T T 9 , Ph ° Sph0rUS ° Xide and/0f ta0B ° Xide from bein 9 leachad « ^ the presence 
ol water, and enabling flame retardance semi-eternally. Especially the latter methylsiloxane oligomer containing a sil- 

ZtTaT" 9 methy ' 9r0UPS direCt ' y at,aCh8d thefe, ° ^ 900d dUrin9 W °° d ^ 

Therefore the present invention provides a method for preparing modified wood comprising the steps of impreg- 
nating wood w„h a methylsiloxane oligomer of formula(1)or (2) and curingthe oligomer. Another aspect's thetTeTd 

th« n?, me h retarda w S iS ma k in,ainedbecause the water repellence that the methylsilicone resin possesses prevents 
he Phosphorus oxide and boron ox.de from being leached out in w*ter. When wood is treated with- the oligomer of 
formula (1), the method of the invention is a fully safe and practical wood modification melhod 

Particularly when a methylsiloxane oligomer containing phosphorus and/or boron and a silicon atom having at 

e l inT nh y T PS h C% ther6, ° 33 repreSen,6d by ,0rmU,a < 2 > is '"W" in «°° d and cured 

the e,n, he phosphorus oxide and/or boron oxide which is teachable can be chemically bound in a water repellent 

methylsiliconeresmandacuredproduct orgel thereof, preventing the phosphorus oxide anchor boron oxide from bZ 

leached out ,n water. It is then possible to impart semi-eternally stable flame retardance to wood. This Ilto 

f LTf ^ meth0d 6nableS Simple manufacfure of "ame retardant wood members without detracting 

uTJ.h H nd i ' nhe : em ,0 ^ S ° tM the f ' ame re,ardan1 W00d membe * can be us * d h °P*" areas even 
under the strict building regulat.cn and as building interior and exterior members. Especially by impregnating woo! 
with a methylsiloxane oligomer containing phosphorus and/or boron and a silicon atom having at feast So meS 
groups direct* attached thereto, subjecting the oligomer within wood cellvoids to hydrolysis or £ro*J«^2 
Po'ycondensat.on .there isformedaphosphorusoxideand/orboronoxide which ischemicLybound^ 

T CUred Pr ° dUCt ° f 961 ,nere °'- ThiS pr0C6SS prevents ,he P hos P h °™ o^de and/or boron 
oxide from being leached out in water and imparts semi-eternally stable flame retardance to wood 

formul? mJnr? ¥ T*' *"* °T * ™" 9 ° nly « eaM ot wood wi,h methylsiloxane oligomers of 

formulae(1)and (2), afford a commercially acceptable wcod modifyingtechnique which isefficientandsafein operation. 

FURTHER E XPLANATIONS: PREFERRED AND OPTIONAL FEATURES 

h^r^lT^" 1 h ! fein iS n0t CmiCaL FOf 8Xamp ' e ' l0QS ' sawed ,umDers > slioed venee ^. and plywood 
boards are included while any kind of tree may be used. F'ywwu 

The invention uses a methylsiloxane oligomer which contains phosphorus and/or boron and has the following 
average compositional formula (1) or (2). roiiowing 

(1) (CH 3 Si0 3/2 ) m (MO^) n 

In formula (1), M is at least one of P, PO and B. Letters m and n are posithre numbers provided that m + n - 1 The 

Z T T fr m " : 1 10 50:5 °' Pref8rably f r ° m 95:5 10 70:30 - « tne molar Action m is less than 50 
in ratio, the resutt.ng methyls.licone resin is less water repellent and less resistant to leaching. 

(2) [CH 3 SiO 3/2 ] x [(CH 3 ) a SiO (4 . a)/2 ] y [M0 3/2 ] 2 
In formula (2) M is as d fined above, letters x, y, and z are positive numb rs provided that x + y + z = 1 Th averaqe 

EzSiSsstr t r t wa,e : rep llent and iess resistam ,o ieachin * The *«* «*> * ** 

is from 99.1 to 50.50. If the molar fraction x ,s less than 50 in ratio, the resulting methylsilicon r sin would have a low 
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crosslinking density. If the molar fraction y is less than 1 mol, the resulting methylsilicone would have a low methyl 
content. In either case, water repellence and leach-inhibitory ffect are insufficient. Also with a molar fraction y of less 
than 1, the oligomer would have too high hydrolysis reactivity, detracting from wood treatment feasibility and shelf 
stability. Lett r a is qua! to 2 or 3. 

s Whether it is of formula (1) or (2), the oligomer is terminated with a hydroxyl group and/or an alkoxyl group of 1 to 

4 carbon atoms. Alkoxyl groups of more than 4 carbon atoms are undesirable because hydrolysis reaction is retarded 
to lower the productivity of wood treatment. Useful alkoxyl groups are methoxyl, ethoxyl, propoxyl and butoxyl groups 
with the commercially advantageous methoxyl group being preferred. 

Preferably the methylsiloxane oligomer has an average degree of polymerization of 2 to 50, preferably 2 to 20. 

10 Oligomers with an average degree of polymerization of less than 2 would have a higher vapor pressure and give rise 
to a hazard problem whereas oligomers with an average degree of polymerization of more than 50 would require a 
longtime to impregnate wood therewith and would also result in adifficulty in impregnating into the cavities in the wood 
cell walls. 

The phosphorus and/or boron-containing methylsiloxane oligomer of formu la (1 ) can be prepared by a conventional 
15 process of subjecting to co-hydrolysis a methylt rial koxylsi lane or a partial hydrolyzate thereof and at least one com- 
pound selected from the group consisting of phosphoric acid, phosphorous acid, trialkyl phosphites, boric acid, and 
trialkyl borates. 

The phosphorus and/or boron -containing methylsiloxane oligomer of formula (2) can be prepared by a conventional 
process of subjecting to co-hydrolysis and condensation a methyltrial koxylsi lane, dimethyldialkoxylsilane, trimethyla- 

20 Ikoxylsilane or a partially hydrolyzed condensate thereof and at least one compound selected from the group consisting 
of phosphoric acid, phosphorous acid, trialkyl phosphites, boric acid, and trialkyl borates. 

In the step of impregnating the methylsiloxane oligomer into wood cell walls, the oligomer may be used as such. 
Often, the methylsiloxane oligomer is diluted with suitable solvents, for example, alcohols such as methyl alcohol and 
ethyl alcohol, ketones such as acetone and methyl isobutyl ketone to form an impregnating solution. 

25 The methylsiloxane oligomer may be mixed with a precursor of another metal oxide for further enhancing the flame 

retardant effect of wood. Exemplary precursors include tetramethoxylsilane, tetraethoxylsilane, methylpolysilicate and 
ethylpolysilicate. Any of these precursors may be added to a methyltrialkoxylsilane or a partial hydrolyzate thereof and 
subject to co-hydrolysis while producing the methylsiloxane oligomer. For imparting more water repellence, a long- 
chain alkyltria Ikoxylsilane or pe rf I uoroalky It rial koxylsi lane may also be added by merely mixing or by mixing and sub- 

30 jecting to co-hydrolysis. 

For impregnation with the methylsiloxane oligomer, wood may be either moisture-conditioned or fully water-satu- 
rated. Typically wood is previously conditioned to a water content of 10 to 50% by weight and then dipped in the 
methylsiloxane oligomer or a solution thereof. Instead of dipping, vacuum or pressure penetration may be used to 
effect impregnation. 

35 Next, the wood impregnated with the methylsiloxane oligomer and aged is dried at a temperature at which the 

wood does not undergo pyrolysis, preferably 50 to 110°C. In the drying step, the oligomer cures through hydrolysis or 
pyrolysis and subsequent polycondensation, converting into a methylsilicone resin containing phosphorus oxide and/ 
or boron oxide. The hydrolysis step may be promoted by an acidic or basic catalyst, metal organic acid salt or orga- 
nometailic compound or a mixture of such catalysts. Typically, wood is impregnated with a methylsiloxane oligom r 

40 solution, kept therein for about 1 to 7 days under a vacuum of 10 to 15 mm Hg at room temperature, taken out of the 
solution, allowed to stand at room temperature for about one day, and heat dried at 50 to 1 1 0°C for about 1/2 to 2 days. 

EXAMPLE 

45 Examples of the present invention are given below by way of illustration and not by way of limitation. 

Example 1 

A 1 -liter flask was charged with 123 grams (0.9 mol) of methyltrimethoxylsilane and 3.1 grams (0.05 mol) of boric 
50 acid. With stirring at 30°C, 16 grams of a 30% phosphoric acid aqueously solution (0.05 mol of phosphoric acid) was 
added dropwise to the flask for reaction to take place. The reaction solution was ripened for one hour at 60°C, obtaining 
a 65% methanol solution of an oligomer. The solution was diluted with methanol to form a 10% methanol solution of 
the oligomer. This oligomer had an average compositional formula: 



55 



(CH 3 SiO 3/2 ) 0 9 (OPO 3 ^) 0 05 (BO 3/2 ) 0 05 
and an average degree of polymerization of about 4 and was t rminated with a methoxyl group and a hydroxyl group. 
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Separately, a veneer piece of western hemlock [Tsuga heterophylla sarg.] sap wood (50 mm x 100 mm x 1 mm) 
was conditioned to a moisture content of 25% by Soxhlet extraction with acetone for 24 hours and then with water for 
24 hours. The veneer piece was dipped in the methanol solution of the oligomer under vacuum at room temperature 
for 3 days. Thereafter, the veneer piece was heat treated for 24 hours at 65°C and then for 24 hours at 1 05°C for curing 
the oligom r, obtaining a modified wood piece. The modified wood piece had a weight gain of 11 .3% due to the incor- 
poration of a silicone resin containing phosphorus and boron oxides. 

A 300-ml beaker was charged with 250 ml of distilled water. While stirring water at 160±3 rpm, the modified wood 
piece was admitted into the beaker. Stirring was continued for 4 hours. The modified wood piece was examined for 
weight change, finding that 7.5% by weight of the silicone resin was leached out. The piece was tested by thermo- 
gravimetric analysis to find a residual weight after flaming combustion of 65%. Another modified wood piece which had 
not been subject to the leaching test had a residual weight of 66%. An untreated wood piece (control) had a residual 
weight of 27%. 

The physical properties of modified wood were measured by the following tests. 

(1) Weight gain (WPG) 

A veneer piece which was conditioned by Soxhlet extraction with acetone for 24 hours and then with water 
for 24 hours was measured for oven dry weight (Wu). After the veneer piece was modified to form a wood-inorganic 
composite, it was dried at 105°C for 24 hours and measured for oven dry weight (Wt). A weight gain (WPG) of the 
modified wood is calculated from the following equation. WPG = [(Wt - Wu)/Wu] x 100% 

(2) Percent leaching of silicone resin 

A 300-ml beaker was charged with 250 ml of deionized water at 20-24°C which was stirred by a magnetic 
stirrer at 1 6Q±3 rpm. The modified wood piece was admitted into the water and taken out after 4 hours of stirring. 
The wood piece was dried and measured for oven dry weight (Wt 1 ). The weight gain (WPG') of the modified wood 
after 4 hours of the leaching test was calculated. The percent leaching of silicone resin is calculated from the 
following equation. 

Leaching = [(WPG - WPG')/WPG] x 100% 

(3) Residual weight by thermogravi metric analysis 

Using a thermogravimetric tester, a TG curve representative of a weight change of the modified wood during 
heating was plotted. The weight change is expressed on the basts of a weight of 100% at 170°C. In the case of 
untreated wood, for example, flaming combustion corresponds to an abrupt weight loss near 350°C and glowing 
combustion occurs in a temperature range of 370 to 550°C. A residual weight {%) by thermogravimetric analysis 
corresponds to a residual weight calculated at the end of flaming combustion. 

Example 2 

A 1 -liter flask was charged with 1 23 grams (0.9 mol) of methyltrimethoxylsilane and 10.4 grams (0.1 mol) of trimethyl 
borate. With stirring at 30°C, 1 5 grams of water was added dropwise to the flask for reaction to take place The reaction 
solution was ripened for one hour at 60°C, obtaining a 65% methanol solution of an oligomer. The solution was diluted 
with methanol to form a 10% methanol solution of the oligomer. This oligomer had an average compositional formula: 

( CH 3 Si0 3y2)o.9( B0 3y2)o.i 

and an average degree of polymerization of about 6 and was terminated with a methoxyl group and a hydroxyl group. 

Next, using the oligomer solution, wood was modified as in Example 1. The modified wood piece had a weight 
gain of 10.8%. In the leaching test, 6.8% by weight of the silicone resin was leached out. Upon thermogravimetric 
analysis, the modified wood piece had a residual weight after flaming combustion of 64% independent of whether or 
not it had been subject to the leaching test. 

Example 3 

A Miter flask was charged with 102 grams (0.75 mol) of methyltrimethoxylsilan and 21 grams (0 25 mol) of 
phosphorous acid. The solution was stirred for 5 hours at 30°C in a nitrogen atmosphere for reaction to take place, 
obtaining a 80% methanol solution of an oligomer. The solution was diluted with methanol to form a 10% methanol 
solution of the oligomer. This oligomer had an averag compositional formula: 
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0.2S 

andanaverag d gree of polym rization of about 4 and was t rminated with a m thoxyl group. 
5 Using the oligomer solution, wood was then modified as in Example 1 . The modified wood piece had a weight gain 

of 11.1%. In the leaching test, 9.2% by weight of the silicone resin was leached out. Upon thermogravimetric analysis, 
the modified wood piece had a residual weight after flaming combustion of 63% when it had been subject to the leaching 
test and 65% without the leaching test. 

10 Example 4 

A 1 -liter flask was charged with 61 .2 grams (0.45 mol) of methyltrimethoxylsilane, 54.0 grams (0.45 mol) of dimeth- 
yldimethoxysilane, and 3.1 grams (0.05 mol) of boric acid. With stirring at 30°C, 13.7 grams of a 30% phosphorous 
acid aqueous solution (0.05 mol of phosphorous acid) was added dropwise to the flask for reaction to take place. The 
is reaction solution was ripened for one hour at 60° C, obtaining a 70% methanol solution of an oligomer. This solution 
had an initial viscosity of 2 centistokes and little thickened after storage in a sealed condition at 40°C for 3 months. 
The solution was diluted with methanol to form a 10% methanol solution of the oligomer. This oligomer had an average 
compositional formula: 

20 

[CH 3 SiO 3/2 ] 0 45 [(CH 3 ) 2 SiO] 0 45 [PO 3/2 ] 0 05 [BO 3 ^] 0 05 

and an average degree of polymerization of about 6 and was terminated with a methoxyl group and a hydroxyl group. 
Separately, a veneer piece of pacific hemlock sap wood (50 mm x 100 mm x 1 mm) was conditioned to a water 

25 content of 25% by Soxhlet extraction with acetone for 24 hours and then with water for 24 hours. The veneer piece 
was dipped in the methanol solution of the oligomer at room temperature whereupon impregnation was effected under 
a vacuum of 15 mmHg for 3 days. Thereafter, the veneer piece was heat treated for 24 hours at 65°C and then for 24 
hours at 105°C for ripening the gel within the test piece, obtaining a modified wood piece. The modified wood piec 
had a weight gain of 13.3% due to the incorporation of a silicone resin containing phosphorus and boron oxides. 

30 a 300-ml beaker was charged with 250 ml of distilled water. While stirring water at 1 60±3 rpm, the modified wood 

piece was admitted into the beaker. Stirring was continued for 4hours. The modified wood piece was examined for 
weight change, finding that 3% by weight of the silicone resin was leached out. The piece was tested by thermogravi- 
metric analysis to find a residual weight after flaming combustion of 65.8%. Another modified wood piece which had 
not been subject to the leaching test had a residual weight of 66.0%. An untreated wood piece (control) had a residual 

35 weight of 27%. 

Example 5 

A 1 -liter flask was charged with 121.04 grams (0.89 mol) of methyltrimethoxylsilane, 1.04 grams (0.01 mol) of 
40 trimethylmethoxylsilane, and 3. 1 grams (0.05 mol) of boric acid. With stirring at 30°C, 1 3.6 grams of a 30% phosphorous 
acid aqueous solution (0.05 mol of phosphorous acid) was added dropwise to the flask for reaction to take place. The 
reaction solution was ripened for one hour at 60°C, obtaining a 70% methanol solution of an oligomer. This solution 
had an initial viscosity of 2 centistokes and little thickened after storage in a sealed condition at 40°C for 3 months. 
The solution was diluted with methanol to form a 10% methanol solution of the oligomer. This oligomer had an average 
45 compositional formula: 

[CH 3 SiO 3/2 ] 0 . 89 [(CH 3 ) 2 SiO 1/2 ] 0 0 ,[PO 3/2 ] 0 WBO^lo 06 

50 and an average degree of polymerization of about 6 and was terminated with a methoxyl group and a hydroxyl group. 

Using the oligomer solution, wood was then modified as in Example 4. The modified wood piece had a weight gain, 
of 11 .1%. In the leaching test, 6% by weight of the silicone resin was leached out. Upon thermogravimetric analysis, 
the modified wood piece had a residual weight after flaming combustion of 65.5% when it had been subject to the 
leaching test and 66.0% without the leaching test. 

ss 

Example 6 

A 1 -liter flask was charg d with 81 .6 grams (0.60 mol) of methyltrimethoxylsilan , 36.0 grams (0.30 mol) of dimeth- 
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yldimethoxylsilane, and 10.4 grams (0. 1 mol) of trimethyl borate. With stirring at 30°C, 15 grams of water was added 
dropwise to the flask for reaction to take place. The reaction solution was ripened for one hour at 60>C obtaininq a 
65% methanol solution of an oligom r. This solution had an initial viscosity of 2 c ntistokes and little thickened after 
storage in a sealed condition at 40°C for 3 months. The solution was diluted with methanol to form a 10% methanol 
solution of the oligomer. This oligomer had an average compositional formula: 

[ CH 3 SiO 3ffi ] 0 . 60 [(CH 3 ) 2 SiO] 0 .aoIBO^],, 10 

and an average degree of polymerization of about 6 and was terminated with a methoxyl group and a hydroxyl group 
Using the oligomer solution, wood was then modified as in Example 4. The modified wood piece had a weight gain 
of 11 .0%. In the leach.ng test, 3.5% by weight of the silicone resin was leached out. Upon thermogravimetric analysis 
the modified wood piece had a residual weight after flaming combustion of 63.9% when it had been subject to the 
leaching test and 64.0% without the leaching test. 

Example 7 

A 1 -literflask was charged with 68.0 grams (0.50 mol) of methyltrimethoxylsilane, 30.0 grams (0.25 mol) of dimeth- 
yldimethoxylsilane, and 31.0 grams (0.25 mol) of trimethyl phosphite. With stirring at 30°C, 15 grams of water was 
added dropwise to the flask for reaction to take place. The reaction solution was ripened for one hour at 60°C obtaining 
a 60% methanol solution of an oligomer. This solution had an initial viscosity of 2 centistokes and little thickened after 
storage in a sealed condition at 40°C for 3 months. The solution was diluted with methanol to form a 10% methanol 
solution of the oligomer. This oligomer had an average compositional formula: 

[CHaSiO^Jo S0 [(CH 3 ) 2 SIO] 0 2S [PO 3/2 ] 0 25 

and an average degree of polymerization of about 6 and was terminated with a methoxyl group and a hydroxyl group 
Using the oligomer solution, wood was then modified as in Example 4. The modified wood piece had a weight gain 
of 11 .3% In the leaching test, 5% by weight of the silicone resin was leached out. Upon thermogravimetric analysis 
he modified wood piece had a residual weight after flaming combustion of 64.5% when it had been subject to the 
leaching test and 65.0% without the leaching test. 

Comparative Example 1 

, otTT P J, e ° e ° f WeSt9m hemlOCk Sap W00d (50 mm x 100 mm x 1 mm ) was conditioned to a moisture content 
of 25 /o by Soxhlet extraction with acetone for 24 hours and then with water for 24 hours. The veneer piece was dipped 
in a reaction solution consisting of trimethyl phosphite, ethanol, and acetic acid in a molar ratio of 110 01 under 
vacuum at room temperature for 3 days. Thereafter, the veneer piece was heat treated for 24 hours at 65'C and then 
for 24 hours at 105°C lor ripening the gel, obtaining an inorganic substance-incorporated wood piece The modified 
wood piece had a weight gain of 9.4% due to the incorporation of a metal oxide. 

A 300-ml beaker was charged with 250 ml of distilled water. While stirring water at 160±3 rpm the modified wood 
piece was admitted into the beaker. Stirring was continued for 4 hours. The modified wood piece was examined for 
weight change, finding that 76% by weight of the metal oxide was leached out. The piece was tested by thermoqravi- 
metnc analysis to find a , residual weightafter flaming combustion of 55%. Another modified wood piece which had not 
been subject to the leaching test had a residual weight of 67%. 

As disclosed herein wood is treated with safe methylsiloxane oligomers. The methylsilicone resins thus incorpo- 
ra ted I and fixed within wood are not leached out in water and remain stable so that the modified wood maintains flame 
retardance for a long period of time even upon exposure to rain and dew. The modified wood is given not only water 
repellence, but also decay resistance and dimensional stability. By modifying wood by the methods described herein 
flame retardant wood members which can be used in open areas and as building interior and exterior members can 
be manufactured on a large scale. 

Japanese Patent Application No. 150821/1995 is incorporated herein by reference 

Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in the light of the abov teachings. It is therefor tob understood that in vi w of the gen ral teachings herein, 
the invention may be practised otherwise than as specifically described in the Examples. 
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Claims 

1 . A method for preparing modified wood, comprising the steps of impregnating wood with a methylsiloxane oligomer 
containing phosphorus and/or boron and curing th oligom r, 

said methylsiloxane oligomer being of the following average compositional formula (1 ) or (2): 

(1) (CH 3 Si0 3/2 ) m (M0 3/2 ) n 
(2) [CH 3 Si03 /2 ] x [(CH3) a SiO (4 . aV2 ] y [M0 3/2 ] 2 

wherein 

M is at least one of R PO and B, 

letters m and n are positive numbers, and an average ratio of m:n is from 99:1 to 50:50, 

x, y, and z are positive numbers, an average ratio of (x+y):z is from 99:1 to 50:50, an average ratio of x:y is 

from 99:1 to 50:50, and 

a is equal to 2 or 3, 

and having a hydroxy I group and/or an alkoxyl group of 1 to 4 carbon atoms at a terminal end. 

2. A method of claim 1 wherein the impregnating step uses a solution of the methylsiloxane oligomer in a solvent. 

3. A method of claim 1 wherein the step of curing the oligomer is carried out by heating the impregnated wood. 

4. A modified wood obtainable by a method according to any one of claims 1 to 3. 



